Introduction {#sec1-1}
============

A successful endodontic therapy requires the complete debridement and obturation of the root canals and hence the knowledge of the root canal morphology and its variations is of utmost importance to clinicians. The morphology of roots is highly variable and complex,\[[@ref1]\] thus necessitating the need for studies to understand the anatomy better so that clinicians can apply this knowledge clinically.

Human dentition shows a wide range of anatomical variations in each tooth type as reported in terms of the number and shape of roots and root canals.\[[@ref2][@ref3][@ref4][@ref5][@ref6]\] Studies done on root canal morphology across the globe have clearly demonstrated that root and canal morphology vary greatly between populations and even within populations.\[[@ref2][@ref6][@ref7]\]

The maxillary first premolars are difficult to be treated endodontically due to the variation in a number of roots, canal configuration, direction and longitudinal depressions of the roots, and pulp cavity configurations.\[[@ref8]\] Different methods have been used by researchers to study tooth morphology including decalcification of teeth and dye injection, sectioning of the teeth and radiographic studies *in vitro*, alternative radiographic techniques and radiographic assessment enhanced with contrast media.\[[@ref9][@ref10][@ref11]\]

The present study was thus aimed at studying the roots and canal morphology of maxillary first premolars in a South Indian population as the literature shows no studies on maxillary first premolars exclusively in this population. The clearing technique was adopted for the study as it provides a three-dimensional view of the entire root canal system and the technique is relatively simple and acceptable.

Methodology {#sec1-2}
===========

Teeth were collected from the department of oral surgery, private dental clinics, dental camps, and rural satellite centers of our University. All teeth were collected in separate bottles containing 10% formalin.

Inclusion criteria {#sec2-1}
------------------

Freshly extracted sound permanent maxillary first premolar.

Exclusion criteria {#sec2-2}
------------------

Teeth with caries and restorationsFractured teethTeeth with open apex/immature teeth.

Extracted teeth were collected and cleaned with hydrogen peroxide. Access cavity was prepared occlusally using a dental micromotor and 5.25% sodium hypochlorite solution was injected into the canal and was kept in the same solution for a day to remove organic debris. Teeth were flushed thoroughly with distilled water to remove the solution from the canal system and to ensure patency of apical openings. Nail paint was applied onto the teeth and the teeth were allowed to dry. India ink was injected into the access cavity. The entry into all canals was enhanced with the use of an apical suction. The teeth were then sealed with a glass ionomer cement. Nail paint was removed with acetone and the teeth were allowed to dry. Teeth were then immersed in 8% nitric acid for few days until decalcification and washed under running tap water for the removal of acid. Teeth were dehydrated in different grades of alcohol for half an hour each and then placed in methyl salicylate for clearing until they became transparent. Teeth were then viewed under a stereomicroscope.

The following parameters were analyzed on the plastinated teeth:

Morphology of the root canal and type (based on Vertucci\'s classification of root canal morphology)Additional findings such as accessory root canals, lateral canals, furcation canals, isthmus, and apical delta.

Photomicrography was captured and analyzed using the 5MP CMOS Camera (Lawrence & Mayo, India Pvt Ltd, Bengaluru).

Results {#sec1-3}
=======

Two hundred and twenty-five maxillary first premolars were collected. Majority (52.88%) of the maxillary first premolars were single rooted, 44.88% had two roots, and 2.22% had three roots. Ten teeth could not be assessed for root canal morphology as the canals were completely calcified and did not allow penetration of the dye during the procedure. Two hundred and fifteen teeth were evaluated for root canal morphology.

Morphology of the root canal and type (based on Vertucci\'s classification of root canal morphology: 1984) {#sec2-3}
----------------------------------------------------------------------------------------------------------

Type IV root canal configuration was the most common type in maxillary first premolars and was seen in 66.51% of cases followed by Type II in 13.4%. Type I was seen in 9.76%, Type VI in 6.51%, Type VIII in 2.32%, Type III in 0.46%, Type V in 0.46%, and Type VII in 0% of teeth \[Figures [1](#F1){ref-type="fig"}, [2](#F2){ref-type="fig"} and [Table 1](#T1){ref-type="table"}\].

![(a) Type I root canal morphology. (b) Type II root canal morphology. (c) Type III root canal morphology. (d) Type IV root canal morphology](IJABMR-8-143-g001){#F1}

![(a) Type V root canal morphology. (b) Type VI root canal morphology. (c) Type VIII root canal morphology](IJABMR-8-143-g002){#F2}

###### 

Root canal morphology of maxillary first premolars based on Vertucci\'s classification

![](IJABMR-8-143-g003)

One tooth was categorized as Gulabivala\'s Type 2--3 root morphology.\[[@ref12]\]

Lateral canals, isthmus, furcation canals, accessory canals, and apical delta {#sec2-4}
-----------------------------------------------------------------------------

Lateral canals were seen in 13.95%, isthmus in 20.93%, furcation canals in 4.65%, accessory canals in 16.27%, and apical delta in 0.93% of maxillary first premolars \[[Figure 3](#F3){ref-type="fig"}\].

![(a) Lateral canals. (b) Isthmus. (c) Furcation canals. (d) Apical delta. (e) Accessory canals](IJABMR-8-143-g004){#F3}

Discussion {#sec1-4}
==========

Root canal morphology varies significantly among various populations and hence there is a difference in the study results across the globe. The transparent tooth model technique provides the greatest information of the original form and anatomy of the root canals and was, thus, used in this study. Gupta *et al*. stated that the combination of nitric acid and methyl salicylate for the transparent tooth model provided the best results.\[[@ref13]\]

Maxillary premolars account for 15.8%--21.5% of all endodontically treated teeth.\[[@ref14]\] Maxillary premolars are believed to be difficult to treat endodontically owing to their variations. Literature review showed that there were no studies on maxillary premolars in the South Indian population.

The aim of the study was to evaluate the root canal morphology of maxillary first premolars using the clearing technique in the South Indian population. A stereomicroscope was used to analyze the teeth.

In the present study, the majority (52.88%) of the maxillary first premolars were single rooted, 44.88% had two roots, and 2.22% had three roots. This was in accordance with other studies done on the Asian population as follows: Gupta *et al*. in the Indian population, Dashrath *et al*. in the Nepalese population, Tian *et al*., Cheng and Weng, and Walker in the Chinese population, and Peiris *et al*. in the Sri Lankan population of Japan.\[[@ref15][@ref16][@ref17][@ref18][@ref19][@ref20]\]

In contrast, Neelakantan *et al*. in a similar study in India found that 11.7% of maxillary first premolars had one root, 86% had two roots, and 2.3% had three roots.\[[@ref21]\]

However, an extensive database review of all similar studies on maxillary first premolar across the globe shows the predominance of double-rooted teeth.\[[@ref14]\]

The differences between the results of these studies could be the result of different examination methods, classification systems, sample sizes, and ethnic background of the population.\[[@ref15]\]

Three-rooted premolars are also called radiculous premolars, small molars, minimolars, or miniature three-canalled molars and have an incidence of 1.7% (0.4%--9.2%).\[[@ref14]\] Our study showed 5 (2.22%) out of 225 teeth with three roots.

In the present study, Type IV root canal configuration was the most common type and was seen in 66.51% cases followed by Type II in 13.4%. Type I was seen in 9.76%, Type VI in 6.51%, Type VIII in 2.32%, Type III in 0.46%, Type V in 0.46%, and Type VII in 0% of teeth.

Type IV root canal configuration was the most common type in maxillary first premolar in all similar studies reviewed. When other types are compared, our results were similar to the study done by Vertucci *et al*. who found Type IV root canal configuration in 62% cases followed by Type II in 18%. Type I was seen in 8%, Type V in 7%, Type VIII in 5%, Type III in 0%, Type VI in 0%, and Type VII in 0% of teeth.\[[@ref12]\]

Type IV root canal morphology was the most common type seen in all studies on maxillary first premolars but vary to some extent in frequency and percentage of individual canal types in studies done by other authors in the Indian population. Gupta *et al*. in a similar study of maxillary premolars in the Indian population found Type IV root canal configuration in 33.2% cases followed by Type I in 23.2%. Type II was seen in 14.8%, Type III in 13.6%, Type V in 6.8%, Type VII in 4%, Type VI in 2%, and Type VIII in 0.4% of teeth.\[[@ref17]\] Sharma and Mathur in a computed tomographic study of canal variations in maxillary first premolars in Jaipur (Indian) population found Type IV root canal configuration in 45% of cases followed by Type II in 25%. Type V was seen in 11.67%, Type III in 8.33%, Type I in 5%, Type VI in 3.33%, Type VII in 1.67%, and Type VIII in 0% of teeth.\[[@ref22]\]

Since factors such as ethnicity contribute immensely to root canal morphology and their variations, there is a considerable variation in the study results by various authors from different countries.

Lateral canals are communication channels between the main root canal and the periodontal ligament space. They are seen anywhere along its length, at right angles to the main canal. The term accessory canal is usually reserved for small canals found in the apical few millimeters. Lateral and accessory canals develop due to breaks in the Hertwig\'s epithelial root sheath or the sheath grows around existing blood vessels during development.\[[@ref23]\] These canals act as avenues for the transit of irritants from the pulp to the periodontium.\[[@ref2]\]

Our study showed lateral canals and accessory canals in 13.95% and 16.27% of teeth, respectively. Gupta *et al*. in a similar study demonstrated the presence of lateral canals in 34.8%, Rwenyonyi *et al*. in 19.3% and Rwenyonyi *et al*. in 28.2%, of maxillary first premolars.\[[@ref15][@ref24][@ref25]\] A complete literature review of all studies on maxillary first premolars noted that lateral canals on average are seen in 37% of teeth.\[[@ref14]\] Our study showed less percentage of lateral canals as the accessory canals were examined separately in contrast to the other studies which have included accessory canals as lateral canals.

Furcation canals result due to the entrapment of periodontal vessels during merging of the diaphragm which becomes the roof of the pulp chamber.\[[@ref26]\] Furcation canals were present in 4.65% of teeth in the present study. Vertucci and Anthony noted that mandibular teeth show a higher incidence of furcation canals than maxillary teeth.\[[@ref27]\]

Apical delta is a root canal morphology where the main canal divides into multiple accessory canals at or near the apex.\[[@ref28]\] Only 0.93% of teeth showed the presence of apical delta in the present study. Apical delta were seen in 3.2% of maxillary first premolars in a similar study by Vertucci (1984) and in 4.3% by Awawdeh *et al*.\[[@ref2][@ref24]\]

An isthmus is a ribbon-shaped, narrow connection between the two root canals.\[[@ref29]\] The present study showed isthmus in 20.93% of the study sample as compared to the other studies which found an average of 16%. Isthmus was seen in 16% and 21% of teeth in studies done by Gupta *et al*. and Kartal *et al*.\[[@ref15][@ref30]\]

The main canals/additional canals are left untreated or inadequately cleaned/obturated mainly because the dentist fails to recognize its presence. Bacteria persist in root canals because areas such as isthmuses, lateral canals, accessory canals, and ramifications may evade disinfectants. Maxillary premolars show a considerable degree of endodontic failures owing to their variations in a number of roots and root canal types. Every practitioner must treat teeth assuming that complicated root canal anatomy occurs enough to be considered normal.

Conclusion {#sec1-5}
==========

Although numerous studies have been done previously on maxillary premolars, there are very few studies among the Indian population, especially the South Indian population. This study contributes toward gathering data regarding the root canal morphology in the South Indian population which can be utilized by endodontists and for further population-based studies by researchers. Dentists need to be aware of the complex root canal anatomy and specifically of a particular population for better treatment planning.
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